A water transfer project has been ongoing since 2002 to alleviate severe phytoplankton aggregation in Lake Taihu. This study aimed to quantify the effectiveness of the water transfer project on alleviation of phytoplankton aggregation in Lake Taihu on a short-term scale. In this study, a spatially distributed hydrodynamic-phytoplankton model was used to predict the short-term (3-4 days) changes in phytoplankton distribution (represented by chlorophyll a) in Lake Taihu. Four simulations with different water transfer strategies were carried out based on this model. During the water transfer period, phytoplankton aggregation was alleviated in some areas, suggesting that the water transfer project has the potential to alleviate algal blooms on a short-term scale. However, the effectiveness of the water transfer project on alleviating severe algal blooms was strongly affected by other environmental factors (e.g. wind conditions, chlorophyll a distribution, and the amount and quality of the transfer water). This study demonstrates the success of the hydrodynamicphytoplankton model in evaluating the contribution of the water transfer project to alleviation of phytoplankton aggregation. These evaluation results could assist managers in decision-making before conducting a water transfer plan in Lake Taihu.
INTRODUCTION
Lake Taihu, the third largest freshwater lake in China, has experienced severe algal blooms during the past decade (Guo ) . To improve the water quality of Lake Taihu, a water transfer project (named WTYT) that transfers water from the Yangtze River to Lake Taihu, was begun and tree-based models (Fornarelli et al. b) , allow us to predict highly nonlinear and complex relationships with little knowledge of their behaviors. As an alternative to empirical models, mechanistic models have the ability to describe dynamic processes explicitly (Moreno-Ostos et al. , ; Li et al. ). However, the success of water transfers in improving water quality in Lake Taihu is strongly associated with wind conditions and inflow/outflow tributaries of the water transfer project (Li et al. ); and (3) water transfers generally had a positive effect on the ecosystem status of Lake Taihu (Zhai et al. ) .
The above-mentioned studies investigated the influences of the WTYT project from different perspectives. However, the impacts of the WTYT project on short-term changes in phytoplankton distribution have thus far not been quantified due to the challenges involved in implementing short-term simulations. Compared with long-term (from a few months to years) simulations, short-term (a few days) simulations generally require high-frequency sampling data to initialize, calibrate, and validate. For a lake as large as Lake Taihu, these high-frequency data are particularly time-consuming and costly to obtain.
From a management perspective, short-term predictions of chlorophyll a (Chl a) are important for a lake as large as Lake Taihu. Algal blooms not only result from phytoplankton growth but also from phytoplankton aggregation (i.e. many phytoplankton patches transported together by water flow). Both phytoplankton growth and aggregation may change Chl a significantly in the short term (a few days) (Huang et al. a) . Short-term predictions of Chl a distribution could identify the areas where Chl a would be particularly high over the span of a few days. Such predictions could support early warnings of algal blooms and assist lake managers in implementing timely emergency measures to minimize the negative impacts of harmful algal blooms (Huang et al. a) .
Given the important role of the WTYT project in the Lake Taihu ecosystem, this study aimed to investigate the impacts of the WTYT project on short-term changes in Chl a distribution in Lake Taihu. A numerical hydrodynamicphytoplankton model was used for this purpose. Four simulations with different water transfer strategies were carried out. Simulation results were compared to quantify the response of Chl a distribution to different water transfer strategies. The factors that influenced the efficiency of algal bloom alleviation during the WTYT project were discussed based on the simulation results.
MATERIAL AND METHODS

Study area
Lake Taihu is a large (surface area 2,338 km 2 ), shallow (mean depth 1.9 m), and eutrophic lake in eastern China During this crisis, the drinking water delivered to roughly two million people from water intakes became colored and foul-smelling (Zhang et al. ) .
The hydrodynamic-phytoplankton model
A hydrodynamic-phytoplankton model and software (Phytoplankton Prediction System for Lake Taihu) to run the model have been developed to aid early warnings of severe algal blooms in Lake Taihu (Huang et al. a, b) . This model predicts the short-term changes in the chlorophyll a concentration (Chl a) as a measure of the For short-term prediction purpose, two simplifications were used for the hydrodynamic-phytoplankton model: (1) exclusion of some processes related to Chl a dynamics like nutrient dynamics, sediment resuspension, mineralization, and nitrification; and (2) use of monthly measured data of the nutrient state. These two simplifications imply that the model requires fewer parameters and inputs than other more complex models, and can thus be of practical use in water management (Huang et al. a) . The model inputs include the initial conditions of Chl a distribution, and the time series data of wind conditions, solar radiation, water temperature, total dissolved nitrogen, and phosphorus.
The hydrodynamic-phytoplankton model was originally developed by Huang et al. (a) , and has been calibrated and validated based on measured data from Lake Taihu (Huang et al. a) . The calibration and validation results (Appendix A, available online at http://www.iwaponline.
com/jh/017/023.pdf) demonstrate its reliability for shortterm prediction of Chl a in Lake Taihu. The parameters used in this study are listed in Table 1 The spatial distributions of Chl a, WT, DP, and DN in Lake Taihu were interpolated using the inverse distance weighted method. Most of the sampling sites for Chl a and WT are located in the north-western part of Lake Taihu ( Figure 5 ). This may result in relatively large errors in estimation of Chl a distribution in the south-eastern part. However, this is acceptable for Lake Taihu because
Chl a in the north-western part is generally higher than that in the south-eastern part. Thus, severe algal blooms are more likely to occur in the north-western part. A lake manager concerned with Chl a prediction would be more likely to focus on Chl a dynamics in the north-western part of Lake Taihu. 
Model simulations
The hydrodynamic-phytoplankton model aims to predict short-term changes in Chl a distribution in Lake Taihu. The Chl a concentration of the inflow water from the Wangyu River (Chl FW in Figure 6 ) was not measured and was assumed to be equal to the average Chl a concentration in Gonghu Bay (Chl Gonghu in Figure 6 ). Thus, the differences between SimBase and SimFlow would reveal the response of short-term Chl a dynamics to hydrodynamic changes due to the WTYT project. The impacts of the WTYT project on DP and DN were not addressed. This omission is accep- (Figure 6 ). These two simulations were compared with SimBase to evaluate the impact of the Chl a concentration of the inflow water from the Wangyu River on the short-term Chl a dynamics in Lake Taihu.
RESULTS
Chlorophyll a changes
Chl a dynamics were different in various areas of Lake Taihu due to the water transfer project. Because SimBase represented the case without any inflows or outflows, the differences between the three simulations (SimFlow, SimFlowChl_0.8, and SimFlowChl_1.2) and SimBase represented the changes in Chl a due to the water transfers from the Wangyu River. Figure 7 shows the change in aver- Potential use of process-based models for evaluating water transfers
The hydrodynamic-phytoplankton model used in this study is process-based, and is well suited to predict the short-term changes in Chl a in the context of a water transfer project.
This process-based model described hydrodynamic conditions and biological processes of phytoplankton explicitly and was demonstrated to be an option for predicting the disturbances of the water transfer project on an aquatic ecosystem. The outstanding advantage of the process-based model is its ability to predict water quality changes in the context of any hypothetical water transfer strategy.
However, the intensive data requirement of the process-based model restricts its application, especially for short-term simulations. The simulation results in Figure 7 demonstrate that the Chl a changes in Gonghu Bay are sensitive to the Chl a concentration in the inflow water on a short-term scale. This implies that high-frequency data would be helpful to achieve a reliable evaluation of water transfer projects. In this study, water quality data were obtained by intensive fieldwork, which is time-consuming and costly. For example, the sampling work at the 29 sampling sites shown in Figure 
